There is no established standard second-line chemotherapy after the failure of the first-line cisplatin-based chemotherapy for patients with advanced or metastatic urothelial carcinoma. With regards to second-line chemotherapy, methotrexate, vinblastine, doxorubicin and cisplatin (MVAC) was used from July 2009 onwards, and paclitaxel and carboplatin (TC) was introduced in April 2014 at the National Kyushu Cancer Center. The present study aimed to assess the prognostic factors for overall survival (OS) in second-line treatment that included best supportive care (BSC), and the tolerability and efficacy of TC chemotherapy. In total, 52 patients who were confirmed to have disease progression with first-line gemcitabine and cisplatin (GC) between June 2009 and November 2016 were enrolled in the current study. In addition, 28 patients selected BSC as second-line treatment, while 24 patients received second-line chemotherapy (MVAC, n=8; TC, n=16). The median OS for BSC, MVAC and TC was 2.8, 5.4, and 12.7 months, respectively. The difference between BSC and MVAC was not statistically significant (P=0.596). However, the difference between BSC and TC was statistically significant after Bonferroni correction (P=0.002). Multivariate analyses revealed that anemia [hazard ratio (HR), 7.047; 95% confidence interval (CI), 1.553-35.636; P= 0.011], the presence of visceral metastasis (HR, 4.174; 95% CI, 1.506-13.429; P= 0.005) and second-line treatment (TC HR, 0.296; 95% CI, 0.124-0.636; P= 0.003) were independent prognostic factors. TC achieved an 18.7% overall response rate and a 56.2% disease control rate. Myelosuppression was the most common grade ≥3 toxicity, but no treatment-associated mortalities occurred during the study period. TC was associated with favorable benefits and safety, and may be considered a preferred regimen after the failure of GC.
Introduction
Urothelial carcinoma (UC) is one of the most common urological malignancies worldwide. Approximately 30% of UC patients initially present with muscle invasion and metastasis (1) . In addition, despite the performance of radical surgery as a local therapy for patients with muscle invasion, more than one-third of these patients ultimately develop metastatic disease (2) .
Cisplatin-based systemic chemotherapy is the gold standard approach for patients with advanced or metastatic UC. Combined chemotherapy with methotrexate, vinblastine, doxorubicin and cisplatin (MVAC), which was developed in 1985, is an effective and frequently used modality for these life-threatening diseases (3) (4) (5) (6) (7) . Recently, combined chemotherapy with gemcitabine and cisplatin (GC) has become another standard treatment for advanced UC, since GC therapy showed equivalent efficacy and less toxicity in comparison to MVAC in a randomized phase 3 trial (8) . However, no standard second-line chemotherapy regimens have been established for cases in which a first-line cisplatin-based chemotherapy (such as MVAC or GC) fails. The administration of vinflunine in combination with the best supportive care (BSC) as a second-line chemotherapy after the failure of cisplatin-based regimens was associated with a 2.5-month increase in survival in comparison to patients who received BSC alone in a phase 3 trial (9) . However, vinflunine has only been approved in Europe.
Various single agents and combinations of agents have been reported as second-line chemotherapy regimens. Among these, combined chemotherapy with paclitaxel and carboplatin (TC) has been shown to have promising therapeutic activity against cisplatin-refractory UC (10-12). However, few reports have assessed the tolerability and efficacy of TC therapy as The combination of paclitaxel and carboplatin as second-line chemotherapy can be a preferred regimen for patients with urothelial carcinoma after the failure of gemcitabine and cisplatin chemotherapy a second-line regimen for UC showing resistance to GC as a first-line chemotherapy regimen. Our institution has used MVAC as a second-line chemotherapy regimen for patients with advanced urothelial carcinoma after the failure of first-line GC since July 2009 and has used TC as second-line chemotherapy since April 2014. In this study, we retrospectively assessed the prognostic factors for overall survival (OS) in patients who received second-line treatment that included BSC and investigated the tolerability and efficacy of TC therapy.
Patients and methods
The data of 52 patients who received BSC or second-line chemotherapy with MVAC or TC after the failure of first-line chemotherapy with GC at our institution between June 2009 and November 2016 were retrospectively evaluated. UC was histopathologically diagnosed and disease progression during first-line chemotherapy with GC was radiologically confirmed. Twenty-eight patients selected BSC and 24 received second-line chemotherapy (MVAC, n=8; TC, n=16). Patients who received second-line chemotherapy were required to have an Eastern Cooperative Oncology Group (ECOG) performance status (PS) of ≤2 and an adequate organ function, (defined by granulocyte count ≥1,500/mm 3 , platelet count ≥100,000/mm 3 , serum total bilirubin <1.5 mg/dl, serum transaminase activity <3 times that of normal and serum creatinine <2 times the normal level).
In the MVAC regimen, methotrexate (30 mg/m 2 ) was administered intravenously on days 1, 15 and 22; vinblastine (3.0 mg/m 2 ) was administered intravenously on days 2, 15 and 22; and doxorubicin (30 mg/m 2 ) and cisplatin (70 mg/m 2 ) were administered intravenously on day 2. The cycle was basically repeated every 28 days. In the TC regimen, paclitaxel (175 mg/m 2 ) and carboplatin (area under the curve: 5) were administered by intravenous infusion on day 1. The cycle was repeated every 21 days. The two second-line regimens were repeated until disease progression or unacceptable adverse events occurred. Tumor measurements were generally performed by computed tomography before and after every 2-3 cycles of the second-line chemotherapy. Decisions regarding adverse events were made based on the Common Terminology Criteria for Adverse Events, version 4.0 (13). The tumor response was evaluated as the best response according to the Response Evaluation Criteria In Solid Tumors, version 1.1 (14) .
All of the patients provided their written informed consent to participate in this study, and the study protocol was approved by the Ethics Committee of the Kyushu Cancer Center (Fukuoka, Japan).
Statistical analysis. The statistical analyses were carried out using the JMP ® Pro, version 12.2.0 software package (SAS Institute, Inc., Cary, NC, USA). OS was calculated from the day that BSC was selected or the day on which chemotherapy was started until the date of the last follow-up examination or death from any cause. The OS were evaluated using the Kaplan-Meier method, and the log-rank test (Bonferroni correction procedure) was used to determine differences between the second-line treatment groups. The significance of associations between the clinical parameters and OS was assessed using the Cox proportional hazards regression model. P<0.05 was considered to indicate a statistically significant difference.
Results
Patient characteristics. The clinical characteristics of the 52 (male, n=40; female, n=12; median age, 70 years; range, 50-86 years) patients are listed in Table I . All the patients Table IV shows the toxicities associated with TC chemotherapy. Myelosuppression was the most common toxicity. Grade ≥3 neutropenia occurred in 10 patients (62.5%), while febrile neutropenia was only observed in 1 patient (6.3%); no patients showed severe infection.
Grade 3 anemia developed in 2 patients (12.5%) and grade 3 thrombocytopenia developed in 2 patients (12.5%). With regard to non-hematological toxicities, grade 3 neuropathy and grade 3 anorexia developed in 1 patient each. All other toxicities were less than grade 3. There were no treatment-related deaths among the 16 patients.
Discussion
Cisplatin-based systemic chemotherapy is the gold standard approach for the treatment of advanced or metastatic UC. Recently, GC chemotherapy has become the standard first-line treatment for advanced and metastatic UC because GC chemotherapy showed equivalent efficacy and lower toxicity in comparison to MVAC chemotherapy (8, 15) . However, long-term follow-up has revealed that the rates of overall survival and progression-free survival are poor, particularly in patients with metastatic UC (7, 15) . In addition, the data were insufficient to recommend TC as standard second-line chemotherapy after the failure of cisplatin-based combination chemotherapy (particularly GC). Thus, we retrospectively assessed the outcomes and toxicities of patients with metastatic or advanced UC after the failure of GC chemotherapy who selected to receive MVAC or TC as second-line chemotherapy in comparison to those who received the BSC.
Various single agents and combinations of agents have been reported as second-line chemotherapy regimens (16) (17) (18) (19) (20) (21) (22) (23) . Even in the NCCN guidelines, the second-line chemotherapy data are highly variable and unclear in this setting; thus, no standard therapy exists. The NCCN bladder cancer panel members highly recommend the performance of a clinical trial (24) . In our institution, MVAC regimen was first selected as a second-line chemotherapy regimen after the failure of GC chemotherapy. The reason for this was that MVAC was the standard first-line chemotherapy before the GC regimen was introduced. Thus, we were used to controlling the side effects. However, this study also showed that the outcomes of second-line OS were not necessarily satisfactory (Fig. 1) . Thus, we employed the TC regimen (paclitaxel in combination with carboplatin) as second-line chemotherapy from April 2014.
Paclitaxel is an antimitotic spindle drug that promotes microtubular aggregation and interferes with certain cell functions, including cell mitosis, transport and motility. Single-agent paclitaxel was shown to have an overall response rate of 42% in previously untreated patients with UC (25) , and 70% when administered in combination with cisplatin (26) . On the other hand, platinum-based agents have been frequently included in salvage chemotherapy, which is provided even after the failure of a platinum-based regimen, and the activity of this agent against platinum-resistant disease has been reported (10) (11) (12) 27) . However, patients with UC often have an impaired renal function due to advanced age, prior platinum-containing chemotherapy, prior nephrectomy and/or disease-related hydronephrosis.
Carboplatin is a less nephrotoxic and emetogenic platinum compound than cisplatin (28); thus, carboplatin is considered to be a favorable agent for second-line regimens. We first assessed the OS according to the second-line treatment (Fig. 1 ). All the patients received GC as first-line chemotherapy for urothelial carcinoma and selected BSC or second-line chemotherapy after the failure of GC chemotherapy. The second-line treatments included BSC (n=28; 53.8%) and second-line chemotherapy [n=24; 46.2% (MVAC, n=8; TC, n=16)] (Table I) . The median OS of the patients who received BSC, MVAC and TC was 2.8, 5.4 and 12.7 months, respectively. The difference between BSC and MVAC was not statistically significant (log-rank test, P=0.596). However, the difference between BSC and TC was statistically significant after Bonferroni correction (P=0.002). Although this study was retrospective in nature and did not formally evaluate the quality of life (QOL), the median OS of patients who received TC was longer than that of the patients who received BSC or MVAC. Thus, from the viewpoint of OS, it is possible that TC should be recommended as a second-line chemotherapy regimen, rather than MVAC, when patients indicate a desire to receive second-line chemotherapy, not BSC.
Subsequently, we performed univariate and multivariate analyses using the Cox proportional hazards model to investigate the relationship between the OS and the clinical parameters after the failure of GC chemotherapy (Table II) . Univariate analyses for various factors revealed that prior nephrectomy, ECOG-PS, NLR, albumin, CRP, visceral metastases and second-line treatment were prognostic variables. Furthermore, the multivariate analyses revealed that anemia (HR 7.047, 95% CI=1.553-35.636, P=0.011), the presence of visceral metastasis (HR 4.174, 95% CI=1.506-13.429, P=0.005) and second-line treatment (TC regimen: HR 0.296, 95% CI= 0.124-0.636, P= 0.003) were independent prognostic factors. Several studies have examined the various prognostic factors of patients. Buti et al identified nine studies (29) (30) (31) (32) (33) (34) (35) (36) (37) that aimed at evaluate the prognostic factors of 1,273 patients in a second-line treatment setting. In most studies, PS, Hb, and visceral metastasis were identified as the main independent prognostic factors for OS (38) . These descriptions are consistent with our observations in the present study. However, PS was not a significant factor in this study. One reason was that second-line chemotherapy was administered (especially TC) even to patients with a relatively poor PS, because this regimen was well tolerated and could be safely used (Table IV) . The other reason was that this study included patients who chose BSC, despite having a relatively good PS, due to the fact that second-line chemotherapy represented a palliative-rather than curative-treatment. In addition, second-line chemotherapy with TC but not MVAC, was an independent prognostic factor in this study (TC: HR 0.296, 95% CI=0.124-0.636, P=0.003).
Thus, we assessed the outcome and toxicities of TC. This study demonstrated that TC was associated with an 18.7% overall response rate and a 56.2% disease control rate (Table III) . The toxicities that occurred in association with TC are shown in Table IV . Myelosuppression was the most common grade ≥3 toxicity. Grade ≥3 neutropenia occurred in 10 patients (62.5%) and was easily managed with G-CSF. Febrile neutropenia was only observed in 1 patient (6.3%); however, there were no cases of severe infection. Although grade 3 anemia occurred in 2 patients (12.5%) and grade 3 thrombocytopenia occurred in 2 patients (12.5%), transfusion was not required in any of these cases. However, with regard to non-hematological toxicity, grade 3 neuropathy and grade 3 anorexia occurred in 1 patient each. The other toxicities were less than grade 3 and no cases of treatment-related death occurred among the 16 patients. These findings suggest that the TC could be safely administered, even after intensive treatment with GC as a first-line regimen. There are some articles which have previously reported the efficacy and tolerability of TC as second-line chemotherapy for advanced UC resistant to first-line cisplatin-based chemotherapy in Japanese patients (11, 39) . However, these studies did not compare the outcomes of TC with the outcomes of other treatments, including MVAC and BSC. Recently, immune checkpoint inhibitors such as anti-programmed cell death 1 and anti-programmed cell death-ligand 1 (PD-L1) antibodies have been reported to have durable effects in various cancers (40, 41) . Thomas et al reported that anti-PD-L1 antibody treatment was effective for patients with metastatic bladder cancer, and reported that the ORR was 25% and that severe adverse events were rare (42) . In the future, studies should be performed to compare anti-PD-L1 antibody therapy and chemotherapy as second-line treatment for metastatic UC.
The present study is associated with some limitations. First, the data related to the efficacy and tolerability of TC as second-line chemotherapy were evaluated retrospectively, and not in a randomized trial. Second, the study population was relatively small. Further studies will be needed to confirm our data in a larger study population. Although our analysis relied on a small sample study population, TC achieved a 56.2% disease control rate with a tolerable toxicity profile as second-line chemotherapy in patients with advanced or metastatic UC who have previously received GC as first-line chemotherapy. Although this study did not formally evaluate the QOL, the median OS of the patients who received TC was longer than that of the patients who received BSC or MVAC (12.7 vs. 2.8 months or 5.4 months, respectively). Additionally, TC chemotherapy was itself a prognostic factor in the multivariate analysis. Taken together the results suggest that at present, when there is no standard second-line treatment for patients with advanced or metastatic UC after failure of GC chemotherapy, TC chemotherapy can be a preferred option for second-line chemotherapy.
